Dagum distribution is a statistical distribution used closely for fitting income and wealth distributions. This distribution has wide application in fields like reliability theory survival analysis, actuarial sciences, and meteorological data. In this article, we obtained Bayes estimators for the shape parameter of Dagum distribution using approximation techniques like normal and T-K approximations. Moreover different informative priors have been considered and a simulation study and three real data sets have been considered to study the efficiency of obtained results.
Introduction
Camilo Dagum [6, 7] gave three-parameter type I and four-parameter type II and Type III distributions for fitting income and wealth distributions. However, the Dagum type I distribution has received more attention because the distribution has monotonically decreasing, upside-down bathtub, bathtub and then upside-down bathtub hazard rate for different values of parameters which led several authors to study the distribution in different fields Domma et al. [9, 11] , Benjamin et al. [4] . Monroy et al. [16] used it for modeling tropospheric Ozone levels and Alwan et al. [2] worked with the Dagum distribution for assessing the reliability of an electrical system and for describing diameter in teak stands subjected to thinning at different ages. Different properties, characteristics and parameter estimation of Dagum distribution were studied by Kleiber and Kotz [15] , Kleiber [14] , Domma et al. [8, 10] , Khan [13] . Broderick et al. [5] derived a new class of generalized Dagum distribution and studied its applications to income and life time data to illustrate the usefulness of the model. Aala Ahmed [1] proposed the estimates and asymptotic distribution of Dagum distribution. Tahir et al. The aim of our present study is to obtain the Bayes estimates of the shape parameter of Type-I Dagum distribution using normal approximation and T-K approximation techniques under different informative priors.
Bayesian Approximation Techniques of Posterior Modes
Bayesian inference provides a rational method for updating beliefs in light of new information. Bayesian analysis is based on the premise that all uncertainty should be modeled using probabilities and that statistical inference should be logical conclusions based on the laws of probability. It may be noted that posterior distribution takes a ratio that involves integration in the denominator and cannot be reduced to closed form. Hence the evaluation of the posterior expectation for obtaining the Bayes estimators will be tedious. Thus, we propose the use of Bayesian approximation techniques for obtaining Bayes estimates.
is unimodal and roughly symmetric, it is convenient to approximate it by a normal distribution centered at the mode, yielding the approximation
If the mode, ˆ is in the interior parameter space, then   Tierney and Kadane [24] gave Laplace method to evaluate 
From which
The posterior density of  under the gamma prior is
from which the posterior distribution can be approximated as
Similarly, under inverse levy prior the approximated posterior density of  is as
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T-K Approximation for shape parameter of Type-I Dagum Distribution
This section deals with calculating the Bayesian estimates of Dagum distribution using Laplace approximation technique introduced by Tierney and Kadane in 1986s.
Under Mukherjee-Islam Prior
The maximum of
respectively. The estimates of variance are given by
Similarly, we can approximate
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Hence, second order moment is given as 
Simulation Study
For simulation study, three samples of sizes 25, 50 and 100 have been generated from Type I Dagum distribution to represent small, medium and large sizes using the R software to see the influence of various informative priors on the estimates of the shape parameter β of type I Dagum distribution. In order to estimate the variability of the unknown shape parameter two approximation techniques namely Normal approximation and T-K approximation have been considered. The values of the hyper parameters have been randomly chosen as 0.5, 1.0 and 2.0. Similarly, the values of the known parameters have been also been considered as 0.5, 1.0 and 2.0. The unknown shape parameter β to be estimated has been fixed at 2.0. In order to observe the performance of shape parameter β of Type I Dagum distribution, the experiment has been iterated 5000 times. The simulated results obtained have been presented in the tables 1 and 2 as given below with posterior variances enclosed in brackets. 
Applications
For justifying the results obtained in simulation study, three real data sets have been taken into consideration.
Data Set I:
The first data set consists of the number of successive failures for the air conditioning system of each member in a fleet of 13 Boeing 720 jet airplanes Proschan [18] . 
Conclusion
While comparing the estimates of the posterior variances of the shape parameter β of Type I Dagum distribution using the three informative priors under the two approximation techniques, it is clearly evident that gamma prior is the best prior for the estimation of shape parameter especially when the value of the hyper parameters is taken as 2. This is because it has the minimum value of posterior variance in the simulation study which is apparent in the tables 1 and 2. Further, this prior has least value in the three real life data sets as well which confirms the efficiency of the Gamma prior as observed in the tables 3 and 4. It can also be noticed that the normal approximation technique can be preferred over the T-K approximation technique because of lesser posterior variance. Furthermore, the variability of the estimates in the tables 1 and 2 goes on decreasing as the sample size increases.
